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1

AIRCRAFT LANDING GEAR ASSEMBLY
SHIMMY DAMPER

RELATED APPLICATIONS

This application continuation of U.S. patent application

Ser. No. 11/375,945 filed on Mar. 15, 2006 which 1s a Con-
tinuation-in-Part of U.S. patent application Ser. No. 11/038,

851 filed on Jan. 19, 2005 which claims the benefit of U.S.
Provisional Patent Application No. 60/537,704 filed on Jan.

20, 2004. All of the atorementioned applications are incorpo-
rated herein by reference.

FIELD OF THE INVENTION

The present invention relates to an aircraft landing gear and
a method of making an aircrait landing gear assembly. More
particularly the invention relates to aircraft landing gear with
reduced oscillating shimmy rotation vibrations and methods
for making a landing gear with a shimmy damper for reducing
oscillating rotations.

BACKGROUND OF THE INVENTION

There 1s a need for an effective and economical means for
making aircrait landing gear with improved performance and
reliability. There 1s a need for economically feasible aircraft
landing gear with a shimmy damper. There 1s a need for a
robust system and method of making an aircraft landing gear
shimmy damper for inhibiting oscillating rotations.

SUMMARY

The invention includes an aircraft vehicular front wheel
landing gear assembly. The landing gear assembly 1includes a
nonelastomeric outer upper strut tubular member having an
inner axial center bore with a tubular cylindrical frictional
interface mner surface segment. The landing gear assembly
includes a nonelastomeric mner lower strut member having
an outer bonding surface segment. The nonelastomeric inner
member 1s rotationally received in the outer strut member
inner axial center bore with the nonelastomeric mner strut
member rotatable within said outer strut member. The landing
gear assembly includes an elastomeric surface effect damper
member encompassing the nonelastomeric inner strut mem-
ber outer bonding surface segment. The elastomeric surface
elfect damper member has an inner bonding surface segment
and an outer elastomer surface. The elastomeric surface efl

ect
damper mner bonding surface segment 1s bonded to the non-
clastomeric iner strut member outer bonding surface seg-
ment. The landing gear assembly includes a surface eflfect
lubricant disposed between the elastomeric surface el

ect
damper outer elastomer surface and the nonelastomeric outer
strut member frictional interface inner surface segment with
the elastomeric surface effect damper outer elastomer surface
engaging the nonelastomeric outer strut member frictional
interface inner surface segment and nhibiting an oscillating
shimmy rotation of the nonelastomeric inner lower strut
member.

The mvention includes a method of making an aircraft
vehicular front wheel landing gear assembly. The method
includes providing a nonelastomeric outer upper strut tubular
member having an inner axial center bore with a tubular
cylindrical frictional interface mner surface segment. The
method includes providing a nonelastomeric inner lower strut
member rotationally receivable in the outer strut member
inner axial center bore with the nonelastomeric mner strut

10

15

20

25

30

35

40

45

50

55

60

65

2

member rotatable within said outer strut member. The non-
clastomeric mner lower strut member has an outer bonding
surface segment. The method includes bonding an elasto-
meric surface effect damper member to said nonelastomeric
inner strut member outer bonding surface segment, with said
clastomeric surface effect damper member having an outer
clastomer surface distal from said nonelastomeric inner strut
member outer bonding surface segment. The method includes
rotationally receirving said nonelastomeric inner strut rota-
tionally recervable member 1n said outer strut member inner
axial center bore with said nonelastomeric inner strut member
rotatable within said outer strut member with said elastomeric

surface effect damper outer elastomer surface engaging said
nonelastomeric outer strut member frictional interface inner
surface segment and nhibiting an oscillating shimmy rota-
tion of said nonelastomeric inner lower strut member.

The mvention includes a method of making a shimmy
damper for damping a rotating oscillation. The method
includes providing a nonelastomeric outer upper tubular
member having an inner axial center bore with a tubular
cylindrical frictional interface inner surface segment. The
method includes providing a nonelastomeric iner lower
member rotationally recervable 1n said outer member inner
axial center bore with said nonelastomeric mner member
rotatable within said outer member. The nonelastomeric inner
member has an outer bonding cylindrical surface segment.
The method 1ncludes bonding an elastomeric surface effect
damper member to said nonelastomeric inner member outer
bonding cylindrical surface segment, with said elastomeric
surface effect damper member having an outer grooved elas-
tomer surface distal from said nonelastomeric inner member
outer bonding cylindrical surface segment. The method

includes rotationally receiving said nonelastomeric inner
member 1n said outer member nner axial center bore with
said nonelastomeric inner member rotatable within said outer
member with said elastomeric surface effect damper outer
grooved elastomer surface engaging said nonelastomeric
outer member frictional interface iner surface segment and
inhibiting an oscillating shimmy rotation of said nonelasto-
meric inner member.

The mvention includes a shimmy damper for damping a
rotating oscillation. The shimmy damper includes a nonelas-
tomeric outer upper tubular member having an inner axial
center bore with a tubular cylindrical frictional interface inner
surface segment and a nonelastomeric mner lower member
having an outer bonding cylindrical surface segment with the

nonelastomeric iner member rotationally received in the
outer member inner axial center bore with the nonelastomeric
inner member rotatable within said outer tubular member.
The shimmy damper includes an elastomeric surface effect
damper member encompassing said nonelastomeric inner
member outer bonding cylindrical surface segment, said elas-
tomeric surface effect damper member having an inner bond-
ing cylindrical surface segment and an outer grooved elas-
tomer surface, said elastomeric surface effect damper inner
bonding cylindrical surface segment bonded to said nonelas-
tomeric inner member outer bonding cylindrical surface seg-
ment. The shimmy damper includes a surface effect lubricant,
said surface effect lubricant disposed between said elasto-
meric surface effect damper outer grooved elastomer surface
and said nonelastomeric outer member frictional interface
inner surface segment with said elastomeric surface effect
damper outer grooved elastomer surface engaging said non-
clastomeric outer member Irictional interface inner surface
segment and inhibiting an oscillating shimmy rotation of said
nonelastomeric inner member.
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The invention includes a method of making a rotating
oscillation damper for damping a rotating oscillation. The
method 1ncludes providing a nonelastomeric outer tubular
member having an inner axial center bore with a tubular
cylindrical frictional interface mner surface segment. The
method 1ncludes providing a nonelastomeric inner member
rotationally recervable 1n said outer member inner axial cen-
ter bore with said nonelastomeric inner member rotatable
within said outer member, said nonelastomeric inner member
having an outer bonding cylindrical surface segment. The
method includes providing an elastomeric surface eil

ect
damper member mold for receiving said nonelastomeric
inner member, said mold including an outer surface groove
relietl distal from said nonelastomeric inner member outer
bonding cylindrical surface segment. The method includes
providing an elastomer and molding said elastomer to said
nonelastomeric inner member mside said mold to provide an
clastomeric surface effect damper member bonded to said
nonelastomeric inner member outer bonding cylindrical sur-
face segment, with said elastomeric surface effect damper
member having an outer grooved elastomer surface distal
from said nonelastomeric inner member outer bonding cylin-
drical surface segment. The method includes rotationally
receiving said nonelastomeric mner member 1 said outer
member mmner axial center bore with said nonelastomeric
inner member rotatable within said outer member with said
clastomeric surface effect damper outer grooved elastomer
surface engaging said nonelastomeric outer member fric-
tional interface inner surface segment and 1nhibiting an oscil-
lating rotation of said nonelastomeric mner member. The
invention includes making a rotating oscillation damper by
providing a nonelastomeric outer tubular member having an
inner axial center bore with a tubular cylindrical frictional
interface iner surface segment, providing a nonelastomeric
inner member rotationally receivable 1n said outer member
inner axial center bore with said nonelastomeric inner mem-
ber rotatable within said outer member, said nonelastomeric
inner member having an outer bonding cylindrical surface
segment, bonding an elastomeric surface effect damper mem-
ber to said nonelastomeric inner member outer bonding sur-
face segment with said elastomeric surface efiect damper
member having an outer elastomer surface distal from said
nonelastomeric mner member outer bonding surface seg-
ment, recerving said nonelastomeric iner member 1 said
outer member inner axial center bore with said nonelasto-
meric inner member rotatable within said outer member with
said elastomeric surface effect damper outer elastomer sur-
face engaging said nonelastomeric outer member frictional
interface mner surface segment and inhibiting an oscillating
rotation of said nonelastomeric mnner member.

The mvention 1includes an aircrait assembly, the assembly
comprised of a nonelastomeric outer member having an inner
axial center bore with a frictional interface smooth 1nner
surface segment, a nonelastomeric inner member having an
outer bonding surface segment, the nonelastomeric inner
member rotationally received 1n the outer member 1nner axial
center bore with the nonelastomeric inner member rotatable
within the outer member, and an elastomeric shimmy damper
member encompassing the nonelastomeric immner member
outer bonding surface segment, the eclastomeric shimmy
damper member including an elastomer having an inner
bonding surface segment and an outer grooved elastomer
surface, the elastomeric damper 1inner bonding surface seg-
ment bonded to the nonelastomeric inner member outer bond-
ing surface segment, and a grease, the grease disposed
between the elastomeric damper outer grooved elastomer
surface and the nonelastomeric outer member frictional inter-
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face inner surface segment with the elastomeric surface effect
damper outer grooved elastomer surface engaging the non-
clastomeric outer member irictional interface inner surface
segment and inhibiting an oscillating shimmy rotation of the
nonelastomeric i1nner member. Preferably the damper
includes grease dams for maintaiming the grease between the
frictional interface inner surface segment and the outer
grooved elastomer surface, preferably with the grease dams
inhibiting migration of grease out of the frictional interface
area.

The invention includes a method of making an assembly,
the method including providing a nonelastomeric outer mem-
ber having an inner axial center bore with a frictional inter-
face inner surface segment and providing a nonelastomeric
inner member rotationally receivable in the outer member
inner axial center bore with the nonelastomeric inner member
rotatable within the outer member, with the nonelastomeric
inner member having an outer bonding surface segment. The
method mcludes bonding an elastomer to the nonelastomeric
inner member outer bonding surface segment, the elastomer
having an outer elastomer surface distal from the nonelasto-
meric mner member outer bonding surface segment. The
method 1ncludes recerving the nonelastomeric inner member
in the outer member 1nner axial center bore with the nonelas-
tomeric mner member rotatable within the outer member with
the elastomer surface engaging the nonelastomeric outer
member frictional iterface inner surface segment and mnhib-
iting a shimmy rotation of the nonelastomeric inner member
relative to the nonelastomeric outer member. Preferably the
damper includes a plurality of grease dams for inhibiting
migration of grease out of the frictional interface area, pret-
crably with the method including providing the outer elas-
tomer surface with a plurality of grooves terminating with
grease dams.

The mvention includes a method of making a shimmy
damper, the method including: providing a nonelastomeric
outer tubular member having an 1nner axial center bore with
a tubular cylindrical smooth frictional interface mnner surface
segment, providing a nonelastomeric inner member rotation-
ally receirvable 1n the outer member inner axial center bore
with the nonelastomeric inner member rotatable within the
outer member, the nonelastomeric inner member having an
outer bonding cylindrical surface segment and an elastomer
bonded to the nonelastomeric 1nner member outer bonding
cylindrical surface segment. Preferably the elastomer has an
outer elastomer surface distal from the nonelastomeric inner
member outer bonding cylindrical surface segment, the outer
clastomer surface including a plurality of grooves and a plu-
rality of grease dams. The method includes receiving the
nonelastomeric inner member 1n the outer member inner axial
center bore with the nonelastomeric inner member rotatable
within the outer member with the outer elastomer surface
engaging the nonelastomeric outer member frictional inter-
face inner surface segment and inhibiting an oscillating
shimmy rotation of the nonelastomeric inner member.

The mvention includes a shimmy damper for damping a
rotating oscillation, the shimmy damper comprised of a non-
clastomeric outer tubular member having an inner axial cen-
ter bore with a tubular cylindrical frictional interface inner
contiguous smooth surface segment. The damper includes a
nonelastomeric inner member having an outer bonding cylin-
drical surface segment, the nonelastomeric 1inner member
rotationally received 1n the outer member mner axial center
bore with the nonelastomeric inner member rotatable within
the outer member. The damper includes an elastomer encom-
passing the nonelastomeric inner member outer bonding sur-
face segment, the elastomer having an mner bonding surface
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segment and an outer grooved elastomer surface, the elas-
tomer inner bonding surface segment bonded to the nonelas-
tomeric mner member outer bonding surface segment. The
damper 1ncludes a grease, the grease disposed between the
outer grooved elastomer surface and the nonelastomeric outer
member frictional interface inner surface segment with the
outer grooved elastomer surface engaging the nonelastomeric
outer member frictional interface mner surface segment and
inhibiting an oscillating shimmy rotation of the nonelasto-
meric inner member. Preferably the outer grooved elastomer
surface includes a plurality of grooves, preferably with grease
dams. Preferably the grooves include at least one groove type
chosen from the groove type group comprised of helical
segments grooves, axial grooves, and circumierential
grooves. Preferably the outer grooved elastomer surface
includes at least one mold axial flat, more preferably two
mold flats which preferably provide mirror image surface
halves. Preferably the damper includes a grease inlet for
injecting grease after insertion of the elastomer and the non-
clastomeric mnner member 1nto the outer tubular member.

The mvention includes a method of making a damper, the
method comprising: providing a nonelastomeric outer tubular
member having an inner axial center bore with a tubular
cylindrical frictional interface inner smooth surface segment,
providing a nonelastomeric mmner member rotationally
receivable 1n the outer member 1nner axial center bore with
the nonelastomeric inner member rotatable within the outer
member, the nonelastomeric inner member having an outer
bonding surface segment. The method 1includes providing an
clastomer mold for recerving the nonelastomeric inner mems-
ber, the mold including a mold flat and an outer surface
groove reliel distal from the nonelastomeric inner member
outer bonding surface segment, providing an elastomer and
molding the elastomer to the nonelastomeric iner member
inside the mold to provide an elastomer damper member
bonded to the nonelastomeric iner member outer bonding,
surface segment, with the elastomer damper member having
a mult1 outer grooved elastomer surface distal {from the non-
clastomeric mner member outer bonding surface segment.
The method includes receiving the nonelastomeric inner
member 1n the outer member 1nner axial center bore with the
nonelastomeric mmner member rotatable within the outer
member with the damper outer multigrooved elastomer sur-
face engaging the nonelastomeric outer member frictional
interface inner surface segment and inhibiting a relative rota-
tion of the nonelastomeric inner member.

The mvention includes a method of making a damper, the
method 1ncludes providing a nonelastomeric outer tubular
member having an inner axial center bore with a tubular
cylindrical frictional interface inner surface segment, provid-
ing a nonelastomeric mner member rotationally recetvable 1n
the outer member 1nner axial center bore with the nonelasto-
meric 1nner member rotatable within the outer member, the
nonelastomeric inner member having an outer bonding cylin-
drical surface segment. The method includes bonding an elas-
tomer damper member to the nonelastomeric inner member
outer bonding surface segment with the elastomer damper
member having an outer elastomer surface distal from the
nonelastomeric mner member outer bonding surface seg-
ment, the outer elastomer surface including at least one grease
dam. The method includes recerving the nonelastomeric inner
member 1n the outer member 1ner axial center bore with the
nonelastomeric mmner member rotatable within the outer
member with the elastomer damper outer elastomer surface
engaging the nonelastomeric outer member frictional inter-
face 1nner surface segment. The method 1includes providing
grease, and disposing the grease between the elastomer

10

15

20

25

30

35

40

45

50

55

60

65

6

damper outer elastomer surface and the nonelastomeric outer
member Irictional interface inner surface segment with the
grease dam containing the grease. Preferably the method
includes injecting the grease through an inlet after receiving
the inner member 1n the outer member. Preferably the method
includes periodically injecting grease during use of the
damper.

The mnvention includes a rotation damper for damping a
rotating motion. The damper 1s comprised of a nonelasto-
meric outer tubular member having an inner axial center bore
with a tubular cylindrical frictional interface inner contiguous
smooth surface segment, a nonelastomeric inner member
having an outer bonding surface segment, the nonelastomeric
inner member recerved 1n the outer member 1nner axial center
bore with the nonelastomeric inner member within the outer
member. The damper 1includes an elastomer encompassing
the nonelastomeric inner member outer bonding surface seg-
ment, the elastomer having an inner bonding surface segment
and an outer grooved elastomer surface, the elastomer 1inner
bonding surface segment bonded to the nonelastomeric inner
member outer bonding surface segment and the outer grooved
clastomer surface including a plurality of groove segments
with grease dams. The damper includes a grease, the grease
disposed 1n the groove segments and between the outer
grooved elastomer surface and the nonelastomeric outer
member Irictional interface inner surface segment with the
outer grooved elastomer surface engaging the nonelastomeric
outer member frictional interface mner surface segment and
inhibiting a rotation of the nonelastomeric inner member with
the grease dams inhibiting a migration of the grease. Prefer-
ably outer grooved elastomer surface includes a plurality of
helical groove segments, preferably all segments with grease
dams proximate the upper or the lower end. Preferably the
grooves include at least one groove type chosen from helical
segments grooves, axial grooves, and circumierential
grooves. Preferably the elastomer includes at least one mold
axial flat, preferably two mold flats which preferably provide
mirror image surface halves. Preferably the damper includes
a grease 1nlet for injecting grease after isertion of the mner
member and elastomer into the outer member, preferably
with a grease receiving reservoir groove proximate the grease
inlet. Preterably during use of the damper periodically sched-
uled maintenance grease injections inject grease through
grease 1nlet into the grease reservorr.

It 1s to be understood that both the foregoing general
description and the following detailed description are exem-
plary of the mnvention, and are intended to provide an over-
view or framework for understanding the nature and character
of the invention as 1t 1s claimed. The accompanying drawings
are included to provide a turther understanding of the mven-
tion, and are incorporated in and constitute a part of this
specification. The drawings illustrate various embodiments
of the mvention, and together with the description serve to
explain the principals and operation of the invention.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 shows an aircraft landing gear assembly.

FIG. 2 shows an aircrait landing gear assembly with a cut
away portion.

FIG. 3 shows a damper.

FIG. 4 shows an outer member damper component.

FIG. 5 shows an inner member damper component.

FIG. 6 shows an end view of the inner member damper
component.

FIG. 7 shows an inner member damper component.
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FIG. 8 shows molding an inner member damper compo-
nent.

FI1G. 9 shows a damper.

FI1G. 10 shows a damper with a cut away portion.

FIGS. 11 A-F show dampers and damper components.

FIGS. 12A-M show inner member damper components,
cross sections and details of such.

FIG. 13 shows molding an inner member damper compo-
nent.

FIG. 14 shows a damper cross section.

FIGS. 15A-B show an elastomer component.

FIGS. 16 A-B show an elastomer component.

FIGS. 17A-B show an elastomer component.

FIGS. 18 A-B show an elastomer component.

FI1G. 19 shows an elastomer component.

DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENTS

Additional features and advantages of the invention will be
set forth 1n the detailed description which follows, and 1n part
will be readily apparent to those skilled in the art from that
description or recognized by practicing the mvention as
described herein, including the detailed description which
tollows, the claims, as well as the appended drawings.

Reference will now be made in detail to the present pre-
terred embodiments of the invention, examples of which are
illustrated 1n the accompanying drawings.

The invention includes an aircraft vehicular front landing,
gear assembly 10 for an aircraft 20. The landing gear assem-
bly 10 1s comprised of a nonelastomeric outer upper strut
shaft tubular member 12 having an inner axial center bore 22
with a tubular cylindrical frictional interface nner surface
segment 24. Preferably the nonelastomeric outer upper strut
shaft tubular member 12 1s comprised of a metal tube. The
landing gear assembly 10 1s comprised of a nonelastomeric
inner lower strut shait tubular member 11 having an outer
bonding cylindrical surface segment 26 with the nonelasto-
meric inner lower strut shait member rotationally recerved in
the outer strut member nner axial center bore 22 with the
nonelastomeric inner strut member 11 rotatable within the
outer strut member 12. Preferably the nonelastomeric inner
strut member 11 1s comprised of a metal tube. The landing
gear assembly 10 1s comprised of an elastomeric surface
cifect damper member 28 encompassing the nonelastomeric
iner strut member outer bonding cylindrical surface segment
26. The elastomeric surface effect damper member 28 has an
inner bonding cylindrical surface segment 30 and an outer
grooved elastomer surface 32. The elastomeric surface eflect
damper inner bonding surface segment 30 1s bonded to the
nonelastomeric inner strut member outer bonding surface
segment 26. The landing gear assembly 10 includes a surface
elfect lubricant 34, the surface effect lubricant 34 disposed
between the elastomeric surface effect damper outer grooved
clastomer surface 32 and the nonelastomeric outer strut mem-
ber frictional interface inner surface segment 24 with the
clastomeric surface effect damper outer grooved elastomer
surface 32 engaging the nonelastomeric outer strut member
frictional interface inner surface segment 24 and inhibiting an
oscillating shimmy rotation 36 of the nonelastomeric inner
lower strut shaft member 11. Preferably the nonelastomeric
inner lower strut shaft member 11 1s grounded to a front nose
wheel 17 with the rotation of nonelastomeric inner lower strut
shaft member 11 tied and fixed to the steering rotation of the
wheel 17, with the front nose wheel 17 and the nonelasto-
meric inner lower strut shait member 11 rotationally actuated
by a steering input 38, such as with steering tubes 15, steering,
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collar 14, torque link 13, lower strut 111 and the nonelasto-
meric outer upper strut shaft member 12 1s rotationally fixed
to an aircraft nose front 40 such as with upper strut 112.
Nonelastomeric outer upper strut shatt member 12 1s rotation-
ally fixed 1n that 1t does not rotate with steering input 38
and/or the front nose wheel 17 that 1s being turned side to side
to steer the aircraft, such as during taxing and ground maneu-
vers by the aircrait 20. Nonelastomeric outer upper member
12 1s tied and fixed to the structure of the aircrait nose front 40
such as through rotationally fixed upper strut 112, with non-
clastomeric inner lower member 11 rotating relative to outer
upper member 12. Preferably the elastomeric surface effect
damper member outer grooved elastomer surface 32 has an
upper end 42 and a distal lower end 44 with an elastomer
surface groove 46 traversing the elastomer surface from the
upper end 42 to the distal lower end 44, most preferably with
groove 46 traversing the elastomer surface from the upper end
to the distal lower end with the pattern of a helical spiral.
Preferably the elastomeric surface effect damper member
outer grooved elastomer surface 32 includes a helical spiral
clastomer surface groove 46. Preferably the elastomeric sur-
face effect damper member outer grooved elastomer surface
32 includes an elastomer surface groove 46.

The mvention includes a method of making an aircraft
vehicular front landing gear assembly 10. The method
includes providing a nonelastomeric metal outer upper strut
shaft tubular member 12 having an iner axial center bore 22
with a tubular cylindrical frictional interface inner surface
segment 24. The method includes providing a nonelastomeric
metal inner lower strut shaft tubular member 11 rotationally
receivable 1n the outer strut member inner axial center bore 22
with the nonelastomeric nner strut member 11 rotatable
within the outer strut member 12, with the nonelastomeric
iner strut member 11 having an outer bonding cylindrical
surface segment 26. The method includes bonding an elasto-
meric surface etlect damper member 28 to the nonelastomeric
inner strut member outer bonding cylindrical surface segment
26, with the elastomeric surface effect damper member 28
having an outer grooved elastomer surface 32 distal from the
nonelastomeric nner strut member outer bonding surface
segment 26. The method includes rotationally receirving the
nonelastomeric inner lower strut shait rotationally receivable
member 11 1n the outer strut member mner axial center bore
22 with the nonelastomeric mner strut member 11 rotatable
within the outer strut member 12 with the elastomeric surface
clfect damper outer grooved elastomer surface 32 engaging
the nonelastomeric outer strut member frictional interface
inner surface segment 24 and inhibiting an oscillating
shimmy rotation 36 of the nonelastomeric inner lower strut
member 11. Preferably the method includes molding the elas-
tomeric surface elfect damper member 28 onto the nonelas-
tomeric inner strut member outer bonding cylindrical surface
segment 26. Preferably the method includes providing an
clastomeric surface effect damper member mold 60 for
receiving the nonelastomeric inner strut member 11, provid-
ing an elastomer 56, and molding the elastomer 56 to the
nonelastomeric inner strut member 11 inside the mold 60.
Preferably the elastomer 56 1s comprised of a natural rubber
clastomer. In an embodiment the elastomer 56 1s comprised of
a silicone elastomer. Preferably the mold 60 includes an outer
surface groove relief 62 distal from the nonelastomeric 1nner
strut member outer bonding surface segment 26, preferably
the groove reliel 62 traversing the elastomer mold cavity
surface to provide for a groove 46 traversing the elastomer
surface from the upper end 42 to the distal lower end 44,
preferably a helical spiral elastomer surface groove 46 from
the upper end to the distal lower end. In an embodiment
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molding includes providing an elastomer transfer stock 57,
and transierring the elastomer transter stock 57 under a pres-
sure 1nto the mold 60, such as through a sprue with the mold
comprising close fitting steel metal pieces clamped 1n place,
and vulcanizing curing the elastomer 56 inside the mold 60
under a molding pressure, preferably a molding pressure of at
least 1000 psi1. Preferably providing the nonelastomeric outer
upper strut shaft tubular member 12 includes providing a
nonelastomeric outer tubular member 12 with a tubular cylin-
drical frictional interface inner surface segment 24 havmg an
inside diameter ID, and bonding an elastomeric surface etlect
damper member to the nonelastomeric mner strut member
outer bonding cylindrical surface segment includes bonding
an elastomeric surface effect damper member 28 to the non-
clastomeric mner strut member outer bonding surface seg-
ment 26 to provide a bonded elastomeric surface etiect
damper member 28 having an outer grooved elastomer sur-
face 32 with an outside diameter OD, with the elastomeric
surface effect damper member outer grooved elastomer sur-
face outside diameter OD greater than the nonelastomeric
outer upper strut tubular member frictional interface inner
surface segment inside diameter ID. Preferably the inside
diameter ID of nonelastomeric outer tubular member 12 and
the unrecerved surface etlect damper outside diameter OD of
surface effect damper member 28 have a ratio 1D/OD.g-
toreq.0.75, preferably 1D/OD.gtoreq.0.80, preferably
ID/OD.gtoreq.0.85, preferably 1D/OD.gtoreq.0.90, prefer-
ably 1D/OD.gtoreq.0.92, most preferably ID/OD 1s 1 the
range of 0.90 to 0.99, preferably with the surface eflect
damper elastomer havmg a compression strain less than 10%,
prefer less than 8%, preferably less than 7.75% when received
inside said nonelastomeric outer tubular member 12. Prefer-
ably the nonelastomeric outer tubular member 12 has a funnel
end 23 with a progressively increasing inside diameter to
tacilitate reception of the nonelastomeric mner strut member
11 with surface effect damper member 28 inside outer tubular
member 12. Preferably after reception ol nonelastomeric
inner strut member 11 with surface effect damper member 28
inside outer tubular member 12 the relative axial movement
ol nonelastomeric iner strut member 11 with surface el

ect
damper member 28 along inner axial bore 22 1s minimal 1n
that relative axial stroking 1s minimized. The method includes
providing a friction reducing lubricant 34 between the elas-
tomeric surface effect damper outer grooved elastomer sur-
face 32 and the nonelastomeric outer strut member frictional
interface 1ner surface segment 24. Preferably a Iriction
reducing lubricant grease 1s disposed between the surfaces,
preferably a grease containing a fluorocarbon. Preferably the
friction reducing lubricant 34 between the elastomeric sur-
face effect damper outer grooved elastomer surface 32 and the
nonelastomeric outer strut member frictional 1nterface mner
surface segment 24 1s comprised of a silicone lubricant.

The mvention includes method of making a shimmy
damper 100 for damping a rotating oscillation 36. The
method includes providing a nonelastomeric outer upper
tubular member 12 having an 1nner axial center bore 22 with
a tubular cylindrical frictional interface inner surface segment
24. The method includes providing a nonelastomeric inner
lower shaft member 11 rotationally receivable in the outer
member 1nner axial center bore 22 with the nonelastomeric
inner member 11 rotatable within the outer member 12, with
the nonelastomeric inner member 11 having an outer bonding,
cylindrical surface segment 26. The method includes bonding
an elastomeric surface etlect damper member 28 to the non-
clastomeric inner member outer bonding cylindrical surface
segment 26, with the elastomeric surface effect damper mem-
ber 28 having an outer grooved elastomer surface 32 distal
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from the nonelastomeric inner member outer bonding cylin-
drical surface segment 26. The method includes rotationally
receiving the nonelastomeric imnner member 11 in the outer
member inner axial center bore 22 with the nonelastomeric
inner member 11 rotatable within the outer member 12 with
the elastomeric surface effect damper outer grooved elas-
tomer surface 32 engaging the nonelastomeric outer member
frictional interface inner surface segment 24 and inhibiting an
oscillating shimmy rotation 36 of the nonelastomeric 1nner
member 11.

The mvention includes a shimmy damper 100 for damping,
a rotating oscillation 36. The shimmy damper 100 1s com-
prised of a nonelastomeric metal outer upper tubular member
12 having an 1nner axial center bore 22 with a tubular cylin-
drical irictional interface inner surface segment 24. The
shimmy damper 100 1s comprised of a nonelastomeric metal
mner lower member 11 having an outer bonding cylindrical
surface segment 26, the nonelastomeric mner member 11
rotationally received 1n the outer member mner axial center
bore 22 with the nonelastomeric inner member 11 rotatable
within the outer tubular member 12. The shimmy damper 100
1s comprised of an elastomeric surface effect damper member
28 encompassing the nonelastomeric inner member outer
bonding cylindrical surface segment 26, with the elastomeric
surface effect damper member 28 having an inner bonding
cylindrical surface segment 30 and an outer grooved elas-
tomer surface 32. The elastomeric surface effect damper inner
bonding cylindrical surface segment 30 1s bonded to the non-
clastomeric inner member outer bonding cylindrical surface
segment 26. The shimmy damper 100 1s comprised of a sur-
face effect lubricant 34 disposed between the elastomeric
surface effect damper outer grooved elastomer surface 32 and
the nonelastomeric outer member irictional interface inner
surface segment 24 with the elastomeric surface effect
damper outer grooved elastomer surface 32 engaging the
nonelastomeric outer member frictional interface mner sur-
face segment 24 and imnhibiting an oscillating shimmy rotation
of the nonelastomeric inner member.

The invention includes a method of making a rotating
oscillation damper 100 for damping a rotating oscillation 36.
The method includes providing a nonelastomeric metal outer
tubular member 12 having an inner axial center bore 22 with
a tubular cylindrical frictional interface inner surface segment
24 and providing a nonelastomeric metal inner member 11
rotationally receivable 1n the outer member inner axial center
bore 22 with the nonelastomeric inner member 11 rotatable
within the outer member 12. The nonelastomeric inner mem-
ber 11 has an outer bonding cylindrical surface segment 26,
and the method includes providing an elastomeric surface
elfect damper member mold 60 for receiving the nonelasto-
meric mner member 11, with the mold including an outer
surface groove relief 62 distal from the nonelastomeric inner
member outer bonding cylindrical surface segment 26, pret-
erably with the groove relief traversing the elastomer surface
mold cavity from an upper end 42 to a distal lower end 44.
Preferably the outer surface groove relief 62 has a helical
spiral pattern for producing an elastomer surface groove 46.
The method 1ncludes providing an elastomer 56 and molding
the elastomer to the nonelastomeric metal inner member 11
inside the mold 60 to provide a an elastomeric surface effect
damper member 28 bonded to the nonelastomeric inner mem-
ber outer bonding cy! lindrical surface segment 26, with the
clastomeric surface effect damper member 28 having an outer
grooved elastomer surface 32 distal from the nonelastomeric
inner member outer bonding cylindrical surface segment. The
method 1ncludes recerving the nonelastomeric inner member
11 in the outer member inner axial center bore 22 with the
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nonelastomeric iner member 11 rotatable within the outer
member 12 with the elastomeric surface effect damper outer
grooved elastomer surface 32 engaging the nonelastomeric
outer member Irictional interface mner surface segment 24
and 1nhibiting an oscillating rotation 36 of the nonelastomeric
inner member 11.

The mvention includes an aircraft landing gear shimmy
damper assembly 10 such as shown 1n FIG. 1-11. The assem-
bly 1ncludes a nonelastomeric outer member 12 having an
inner axial center bore 22 with a frictional interface smooth
cylindrical inner surface segment 24. The aircrait assembly
includes a nonelastomeric inner member 11 having an outer
bonding surface segment 26. The nonelastomeric inner mem-
ber 11 1s rotationally received 1n the outer member 1nner axial
center bore 22 with the nonelastomeric inner member 11
rotatable within the outer member 12. The assembly includes
an elastomeric surface effect shimmy damper member
encompassing the nonelastomeric iner member outer bond-
ing surface segment 26, the elastomeric surface eflect
shimmy damper member including an elastomer having an
inner bonding surface segment 30 and an outer grooved elas-
tomer surface 32, the elastomeric damper mner bonding sur-
face segment 30 1s bonded to the nonelastomeric inner mem-
ber outer bonding surface segment 26. The aircraft assembly
includes a surface effect lubricant solid state nonliquid gel
grease 34, the grease 34 disposed between the elastomeric
damper outer grooved elastomer surface 32 and the nonelas-
tomeric outer member frictional interface inner surface seg-
ment 24 with the elastomeric surface effect damper outer
grooved elastomer surface 32 engaging the nonelastomeric
outer member Irictional interface inner surface segment 24
and 1nhibiting an oscillating shimmy rotation 36 of the non-
clastomeric inner member 11 relative to the outer member 12
while preferably maintaiming the grease 34 between the fric-
tional interface smooth cylindrical inner surface segment 24
and the outer grooved elastomer surface 32. Preferably the
friction reducing lubricant grease 34 between the elastomeric
surface effect damper outer grooved elastomer surface 32 and
the nonelastomeric outer strut member irictional interface
inner surface segment 24 1s a solid state nonliquid gel grease
containing a fluorocarbon. Preferably the fluorocarbon gel
grease 1s comprised of viscous grease thickened with PTFE.
Preferably the grease 34 1s comprised of a silicone lubricant,
preferably a fluorocarbon gel silicone grease, preferably a
grease including a PTFE and a dimethyl silicone. As shown 1n
FIG. 11, preferably the outer grooved elastomer surface 32
surface retains grease proximate the Irictional interface
smooth cylindrical inner surface segment 24 with a plurality
of grease dams 48 which inhibit the migration of grease 34 out
of the frictional interface area of the outer elastomer surface
32 and the receiving interface smooth cylindrical surface
segment 24. Preferably the outer grooved elastomer surface
32 includes a plurality of grease dams 48. The grease dams 48
are preferably formed with the outer elastomer surface 32 and
control the flow of grease 34 to inhibit the migration of grease
out through the upper and lower ends 42, 44 between the
clastomer surface 32 and the frictional surface 24.

Preferably the outer grooved elastomer surface 32 includes
a plurality of grease dams 48. As shown 1n FI1G. 12, preferably
the grooved elastomer surface 32 includes a plurality of
grooves 46 terminating with grease dams 48, preferably with
the grooved 46 comprised of helical groove segments that
terminate at their ends proximate the upper and lower ends 42,
44 with grease dams 48 to control the flow of grease from
exiting the groove at the upper and lower ends 42, 44. Pret-
erably the plurality of surface grooves 46 end with grease
dams 48. Preferably the surface grooves 46 are comprised of
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clastomer surface groove depression paths that end with a
rising elastomer surface forming the grease dam 48. Prefer-
ably the grease dam 1s a raised elastomer radially extending
outward and away from the inner bonding surface 30 and the
inner member 11 to impede the flow of grease out of the
groove 460.

Preferably the assembly outer grooved elastomer surface
32 has a first upper end 42 and a second distal lower end 44
with a plurality of grooves 46 between the first upper end 42
and the second distal lower end 44, preferably with grease
dams 48 at the ends of the grooves 46, preferably with grease
dams 48 proximate the upper end 42 and the distal lower end
44. Preterably the plurality of grooves 46 includes more than
one helical groove 46. Preferably the plurality of grooves 46
are comprised of a plurality helical segments, preferably with
the helical segments not completely circling the inner mem-
ber 11. Preferably the helical grooves do not traverse all way
from upper end 42 to lower end 44. Preferably the plurality of
grooves 46 include at least one axial groove 46'. Preferably
the plurality of grooves 46 include at least one circumierential
groove 46". Preferably the elastomeric surface effect damper
member outer grooved elastomer surface 32 has the upper end
42 and the distal lower end 44 with at least one axial mold flat
52 traversing the elastomer surface 32 from the upper end 42
to the distal lower end 44, preferably with the axial tlat 52
including at least one axial groove 46'. Preferably the axial
mold flat 52 traverses the elastomer surface from the first
upper end 42 to the distal second lower end 44, preferably
with the axial flat 52 including at least one flat axial surface
groove 46' traversing the elastomer surface from the first
upper end 42 to the second distal lower end 44. Preferably the
multi grooved elastomer surface includes two axial mold flats
52 traversing the elastomer surface from the first upper end 42
to the second distal lower end 44 along the longitudinal center
axis 16, preferably with the two axial mold flats 52 oppositely
oriented, preferably about 180 degrees apart. Preferably
grease dams 48 at the intersection of the axial flat 52 and the
non-axial grooves (circumierential grooves and helical
grooves) maintain grease 34 1n the non-axial grooves. Pret-
erably the two axial mold flats 52 include an axial flat raised
plateau 54, preferably with the axial mold flat including the
axial flat raised plateau 54 with a flat axial surface groove 46’
on each side, with the axial mold flats 52 molded in the
clastomer surface with the axial flat raised plateau surface
area 34 surrounded by the axial groove depressions 46'. Pret-
erably the outer grooved elastomer surface 32 includes at
least one axial mold tlat 52, preferably with a first and second
axially running mold flats 52 separating the surface 32 into
two halves, preferably two mirror image helical groove seg-
ment area halves with non-parallel helical groove orientations
with opposite helical twists that would intersect 11 not for the
axial flats 32 such as shown in FIG. 12E. Preferably, the
helical groove segments have a helical groove pitch angle
relative to the longitudinal axis 16 that 1s preferably less than
eighty five degrees, preferably no greater than seventy nine
degrees, preferably no greater than seventy one degrees, and
most preferably about sixty degrees (60.+-0.10degrees) such
as shown 1n FIG. 12. Preferably the outer grooved elastomer
surface 32 includes a plurality of elastomer surface grooves
46, 46' which terminate with raised elastomer dam grease
obstructions 48 which radially extend outward and away from
the inner bonding surface 30. Preferably the assembly
includes a grease inlet for mjecting grease 34 between the
clastomer surface 32 and the frictional interface surface 24
alter the nonelastomeric iner member 11 1s recerved 1n the
outer member inner axial center bore 22. As shownin FI1G. 14,
preferably grease inlet 50 1s proximate and oriented with a
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circumierential surface groove 46". Preferably the assembly
includes at least one grease dam 48 for retaining the grease 34.
Preferably the grooved elastomer surface 32 includes a plu-
rality of grooves and the grease dams, preferably with the
grooves ending with grease dams. Preferably the elastomer
surface groove depression paths end with a rising elastomer
surface, preferably a raised elastomer radially extending out-
ward and away from the inner member 11 to provide a grease
dam 48 to control the tlow of grease 34 out of the groove
depression.

The mvention includes a method of making an aircraft
landing gear assembly. The method includes: providing a
nonelastomeric outer member 12 having an inner axial center
bore 22 with a frictional interface inner surface segment 24,
and providing a nonelastomeric inner member 11 rotationally
receivable in the outer member inner axial center bore 22 with
the nonelastomeric inner member 11 rotatable within the
outer member 12. Preferably the nonelastomeric inner mem-
ber 11 has an outer bonding surface segment 26. The method
includes bonding an elastomeric surface effect damper mem-
ber elastomer 28 to the nonelastomeric inner member outer
bonding surface segment 26, the elastomer 28 having an outer
clastomer surface 32 distal from the nonelastomeric ner
member outer bonding surface segment 26. The method
includes recerving the nonelastomeric inner member 11 1n the
outer member inner axial center bore 22 with the nonelasto-
meric inner member 11 rotatable within the outer member 12
with the elastomer surface 32 engaging the nonelastomeric
outer member Irictional interface mner surface segment 24
and inhibiting an oscillating shimmy rotation of the nonelas-
tomeric inner member 11 relative to the nonelastomeric outer
member 12, preferably with the elastomer surface 32 includ-
ing a plurality of grooves 46 with grease dams 48. Preferably
the method includes molding the elastomer 28 onto the non-
clastomeric mner member outer bonding surface segment 26
with the outer elastomer surface 32, preferably mold bonding,
the elastomer to the inner member 11 1n an elastomer mold 60
while molding the outer elastomer surface 32 with the plural-
ity of grooves 46 with grease dams 48. Preferably such as
shown 1n FIG. 13, molding the elastomer 28 with the outer
clastomer surface 32 include molding with at least one mold
flat 52, preferably with two mold flats 52, most preferably
with a two piece mold 60 with a first and second mold insert
61, preferably molding with no more than three mold inserts
61, most preferably only with two mold nserts 61 parted at
the mold flats 52. Preferably the method includes providing
the elastomer outer elastomer surface 32 with a plurality of
grooves 46. Preferably the plurality of grooves 46 include
more than one helical groove, preferably a plurality helical
segments with the helical grooves not completely circling the
inner member 11, preferably with the helical grooves not
traversing all the way from the upper end 42 to lower end 44.
Preferably the plurality of grooves 46 include at least one
axial groove 46'. Preferably the plurality of grooves 46
include at least one circumierential groove 46". Preferably
the method including providing a solid state nonliquid grease
34 and a plurality of grease dams 48 for controlling the flow
of the grease 34 along the outer elastomer surface 32. Pret-
erably the method includes providing a solid state nonliquid
grease 1nlet 50, preferably through the outer member 12, and
a solid state nonliquid grease 34, and injecting the grease 34
between the outer elastomer surface 32 and the frictional
interface mner surface segment 24, preferably by 1njecting
the grease through the grease inlet 50 after the inner member
11 1s inserted into the outer member 12 with the outer elas-
tomer surface 32 and frictional interface 24 engaging. Pret-
erably the grease 34 1s injected through the inlet 50 to a
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preferably circumierential grease receiving reservoir groove
46" after the inner member 11 1s 1nserted 1nto the outer mem-
ber 12 with the outer elastomer surface 32 and frictional
interface 24 engaged, with the grease dams 48 controlling the
exiting of grease 34. Preferably providing the nonelastomeric
outer member 12 includes providing a nonelastomeric outer
member with a frictional interface inner surface segment 24
having an imside diameter 1D, and bonding an elastomer 28 to
the nonelastomeric inner member outer bonding surface seg-
ment 26 includes bonding an elastomeric surface effect
damper member elastomer 28 to the nonelastomeric 1nner
member outer bonding surface segment 26 to provide an
clastomeric surface effect outer elastomer surface 32 with an
clastomer groove projection outside diameter POD and an
clastomer groove depression outside diameter DOD, with the
outer elastomer surface outside diameter POD greater than
the nonelastomeric outer member frictional interface inner
surface segment 1nside diameter 1D, and the DOD<ID with
the bottom of grooves 46 less than ID of the outer member 12.
Preferably the POD i1s comprised of the elastomer surface
elfect ribbed surface producing the resistive force to the rela-
tive rotation. Preferably the raised plateau 54 has an elastomer
thickness X, the elastomer groove projection has an elastomer
thicknessY, and the grease dam 48 has an elastomer thickness
7., preferably with Y>X and Y>Z. Preferably the provided
clastomeric surface effect damper member elastomer 28 has
an outer elastomer surface 32 with a plurality of grooves.
Preferably the outer grooved elastomer surface 32 has a first
upper end 42 and a second distal lower end 44 with a plurality
of grooves 46 between the first upper end 42 and the second
distal lower end 44, preferably with grease dams 48 at the
ends of the grooves 46, preferably with grease dams 48 proxi-
mate the upper end 42 and the distal lower end 44. Preferably
the plurality of grooves 46 includes more than one helical
groove 46. Preferably the plurality of grooves 46 are com-
prised of a plurality helical segments, preterably with the
helical segments not completely circling the inner member
11. Preferably the helical grooves do not traverse all the way
from upper end 42 to lower end 44. Preferably the plurality of
grooves 46 include at least one axial groove 46'. Preferably
the plurality of grooves 46 include at least one circum{ierential
groove 46". Preferably the elastomeric surface effect damper
member outer grooved elastomer surtace 32 has the upper end
42 and the distal lower end 44 with at least one axial mold flat
52 traversing the elastomer surface 32 from the upper end 42
to the distal lower end 44, preferably with the axial flat 52
including at least one axial groove 46'. Preferably the multi
grooved elastomer surface includes two axial mold tlats 52
traversing the elastomer surface from the first upper end 42 to
the second distal lower end 44 along the longitudinal center
axis 16, preferably with the two axial mold flats 52 oppositely
oriented, preferably about 180 degrees apart. FIG. 15 shows
an elastomeric surface effect damper member elastomer 28
with an outer elastomer surtace 32 with a plurality of grooves
including circumierential grooves 46" and helical segment
grooves 46. FIG. 16 shows an elastomeric surface effect
damper member elastomer 28 with an outer elastomer surface
32 with a plurality of grooves including a central middle
grease receiving circumierential groove 46" and helical seg-
ment grooves 46. F1G. 17 shows an elastomeric surface effect
damper member elastomer 28 with an outer elastomer surface
32 with a plurality of grooves including a helical segment
grooves 46 and two opposingly oriented axial mold flats 52.
FIG. 18 shows an elastomeric surface effect damper member
clastomer 28 with an outer elastomer surface 32 with a plu-
rality of grooves including axial grooves 46" and a central
middle grease recerving circumierential groove 46". FI1G. 19




US 8,967,534 B2

15

shows an elastomeric surface effect damper member elas-
tomer 28 with an outer elastomer surface 32 with a plurality of
grooves including axial grooves 46" and a central middle
grease receiving circumierential groove 46". Preferably the
assembly provides for grease lubrication of the damper
device after initial assembly and preferably at maintenance
intervals. The damper device provides for entrapment of the
lubricant grease 34 1n the torsion damper device. The entrap-
ment function 1s utilized for the assembly of the damper and
maintenance grease filling with the grease dams 48 prevent-
ing the grease from migrating out of the frictional interface
contact region of the damper. In a preferred embodiment the
clastomer groove projection contact shape includes a rounded
shape. FIGS. 15 and 16 show the grease dams 48 with the
grooves. FIG. 15 shows three circumierential grooves and
FIG. 16 only shows one. Preferably the central middle grease
receiving circumierential groove 46" 1s oriented proximate a
grease mlet 50. FIG. 14 shows an embodiment with the Iubri-
cation fittings grease inlet 50 installed on the outer member 12
with the bonded elastomer 28 inner member 11 inserted into
the outer member 12. FIG. 17 shows an embodiment with
axial mold flats. FIG. 18 shows an embodiment with axial
grooves with dams and the central middle grease receiving
circumierential lubrication groove 46". FIG. 19 shows an
embodiment elastomer groove projection contact rounded
shape that can be applied to both helical patterned and axial
patterned grooves. The groove projection contact portion of
the damper 1s completed round rather than a flatter arc portion
that follows the arc length of the outer diameter. Preferably
the assembly provides for lubricating the damper after assem-
bly, retaining the grease in the elastomer grooves, and an axial
groove structure that 1s parallel to the longitudinal center axis
16. FIGS. 15 and 16 show a circumierential groove 46" for
receiving and transporting the grease from the entry point
grease 1nlet 50 to the individual grooves and out along their
respective lengths. The dams 48 at the end of the grooves
retain the grease 1n the groove.

The mvention includes the method of making the shimmy
damper. The method includes providing the nonelastomeric
outer tubular member 12 having an 1inner axial center bore 22
with a tubular cylindrical frictional interface inner surface
segment 24. The method includes providing a nonelastomeric
inner member 11 rotationally receivable 1n the outer member
inner axial center bore with the nonelastomeric inner member
11 rotatable within the outer member 12. Preferably the non-
clastomeric inner member 11 has an outer bonding cylindri-
cal surface segment 26 and elastomer 28 bonded to the non-
clastomeric inner member outer bonding cylindrical surface
segment 26. Preferably the elastomer 28 has an outer elas-
tomer surface 32 distal from the nonelastomeric inner mem-
ber 11, the outer elastomer surface 32 including a plurality of
grooves 46, 46', 46" and a plurality of grease dams 48. The
method includes recerving the nonelastomeric inner member
in the outer member 1nner axial center bore with the nonelas-
tomeric inner member rotatable within the outer member with
the elastomer surface 32 engaging the nonelastomeric outer
member Irictional interface inner surface segment 24 and
inhibiting an oscillating shimmy rotation of the nonelasto-
meric mner member 11 relative to the outer member 12.
Preferably the elastomer 28 1s molded to the nonelastomeric
inner member 11 with the outer elastomer surface 32 having
two axial mold flats 52. Preferably the method includes pro-
viding a grease inlet 50 for injecting grease 34 after the
nonelastomeric mner member 11 1s recerved in the outer
member inner axial center bore 22, and wherein the elastomer
surface 32 includes a grease recerving groove, preferably a
grease reservoir groove, with the grease mlet proximate the
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clastomer surface grease receiving groove, preferably cir-
cumierential groove 46" 1s proximate grease inlet 50, where
grease 34 1s injected after the elastomer surface 32 1s contact-
ing the tubular cylindrical frictional interface inner surface
segment 24, preferably with the circumierential groove 46"
intersecting non-circumierential grooves that have some
axial component such as 46 and 46'. Preferably the outer
clastomer surface 32 includes a plurality of helical grooves 46
terminating with grease dams 48, preferably with grease
dams 48 at the upper and lower ends 42, 44 of surface 32,
preferably with two axial mold tlats 52 parting between two
mirror image halves that have the helical groove patterns.

The mvention includes shimmy damper 100 for damping a
rotating oscillation. The shimmy damper includes of a non-
clastomeric outer tubular member 12 having an inner axial
center bore 22 with a tubular cylindrical frictional interface
iner contiguous smooth surface segment 24, and a nonelas-
tomeric inner member 11 having an outer bonding cylindrical
surface segment 26, the nonelastomeric mner member 11
rotationally received 1n the outer member mner axial center
bore 22 with the nonelastomeric inner member rotatable
within the outer member. The damper includes an elastomer
28 between the mner and outer members, preferably encom-
passing the nonelastomeric inner member outer bonding sur-
face segment, the elastomer 28 preferably having an inner
bonding surface segment 30 and an outer grooved elastomer
surface 32, the elastomer inner bonding surface segment 30
bonded to the nonelastomeric 1nner member outer bonding
surface segment. The damper preferably includes a grease 34,
the grease 34 disposed between the outer grooved elastomer
surtace 32 and the nonelastomeric outer member Irictional
interface inner surface segment 24 with the outer grooved
clastomer surface 32 engaging the nonelastomeric outer
member Irictional interface inner surface segment 24 and
inhibiting an oscillating shimmy rotation of the nonelasto-
meric inner member. Preferably the elastomer includes a plu-
rality of grooves, preferably with grease dams 48, preferably
with the grooves including at least one groove type chosen
from helical segments grooves 46, axial grooves 46', and
circumierential grooves 46". Preferably the elastomer 28
includes at least one mold axial flat 52, preferably two mold
flats 52, which preferably provide mirror image surface
halves. Preferably the damper includes a grease inlet 50 for
injecting grease 34 after insertion of the mner member 11 1n
the outer member 12.

The invention includes a method of making a rotating
oscillation damper 100. The method includes providing a
nonelastomeric outer tubular member 12 having an inner
axial center bore 22 with a tubular cylindrical frictional inter-
face mner smooth surface segment 24. The method 1includes
providing a nonelastomeric mner member 11 rotationally
receivable in the outer member 1nner axial center bore 22 with
the nonelastomeric mner member 11 rotatable within the
outer member 12. Preferably the nonelastomeric inner mem-
ber 11 having an outer bonding surface segment 26, and
providing an elastomer mold 60 for recerving the nonelasto-
meric inner member 11, the mold 60 including a mold flat 52
and an outer surface groove relief 62 distal from the nonelas-
tomeric inner member outer bonding surface segment 26, and
providing an elastomer 57 and molding the elastomer to the
nonelastomeric mner member 11 inside the mold 60 to pro-
vide an elastomer damper member bonded to the nonelasto-
meric mner member outer bonding surface segment, with the
clastomer damper member having a multi-outer grooved elas-
tomer surface 32 distal from the nonelastomeric inner mem-
ber outer bonding surface segment. The 1nvention includes
receiving the nonelastomeric imnner member 11 in the outer
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member iner axial center bore 22 with the nonelastomeric
inner member rotatable within the outer member with the
damper outer multigrooved elastomer surface 32 engaging
the nonelastomeric outer member {rictional interface inner
surface segment 24 and inhibiting a relative rotation of the
nonelastomeric inner member 11 relative to the outer member
12.

The 1nvention includes a method of making a rotating
oscillation damper 100, the method includes providing a non-
clastomeric outer tubular member 12 having an inner axial
center bore 22 with a tubular cylindrical frictional interface
inner surface segment 24. The method 1includes providing a
nonelastomeric inner member 11 rotationally receivable 1n
the outer member inner axial center bore 22 with the nonelas-
tomeric inner member 11 rotatable within the outer member
12, the nonelastomeric mnner member having an outer bond-
ing cylindrical surface segment 26. The method includes
bonding an elastomer damper member 28 to the nonelasto-
meric inner member 11 with the elastomer 28 having an outer
clastomer surface 32 distal from the nonelastomeric inner
member, the outer elastomer surface 32 including at least one
grease dam 48. The method includes recerving the nonelas-
tomeric inner member 11 1n the outer member mner axial
center bore 22 with the nonelastomeric inner member rotat-
able within the outer member with the elastomer damper
outer elastomer surface 32 engaging the nonelastomeric outer
member frictional interface inner surface segment 24. The
method includes providing a grease 34, disposing the grease
34 between the elastomer damper outer elastomer surface 32
and the nonelastomeric outer member irictional interface
inner surface segment 24, preferably with the grease dams 48
containing the grease 34. Preferably the grease 34 1s injected
through an 1nlet 50 after receiving the inner member 11 1n the
outer member 12, preferably with periodic imnjection of grease
34 during use of the damper. The elastomer 28 inhibits an
oscillating rotation of the nonelastomeric inner member 11
relative to the outer member 12.

The mvention includes a rotation damper 100 for damping,
a rotating motion. The damper includes a nonelastomeric
outer tubular member 12 and a nonelastomeric inner member
11. The damper includes a tubular cylindrical frictional inter-
face contiguous smooth surface segment 24 and a bonding
cylindrical surface segment 26. The nonelastomeric inner
member 11 1s rotationally recerved 1n the outer member 12
with the nonelastomeric inner member 11 rotatable within the
outer member 12. The damper includes an elastomer 28
encompassing the nonelastomeric inner member 11, with the
clastomer 28 between the inner member 11 and the outer
member 12 with the elastomer 28 bonded to bonding cylin-
drical surface segment 26, with the elastomer 28 having a
grooved elastomer surface 32 contacting and engaging the
tubular cylindrical frictional interface contiguous smooth sur-
face segment 24. The grooved elastomer surface 32 includes
a plurality of grooves with grease dams 48. The damper
includes a grease 34, the grease 34 disposed 1n the grooves
and between the grooved elastomer surface 32 and the non-
clastomeric member frictional interface surface segment 24
with the grooved elastomer surface 32 engaging the nonelas-
tomeric member Irictional interface surface segment and
inhibiting a rotation of the nonelastomeric 1nner member
relative to the outer member with the grease dams 48 inhib-
iting a migration of the grease 34. Preferably the grooved
clastomer surface 32 includes a plurality of helical groove
segments 46, preferably with grease dams 48 proximate the
upper or the lower ends. Preferably the grooved elastomer
surface 32 includes at least one groove type chosen from
helical segments grooves 46, axial grooves 46', and circum-
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terential grooves 46". Preferably the elastomer 28 includes at
least one mold axial flat 52, preferably two mold flats 52,
which preferably provide mirror image surface halves. Pret-
erably the damper includes a grease ilet 50 for injecting
grease 34 after insertion of inner member 11 1nto outer mem-
ber 12, preferably with a grease recetving reservoir, prefer-
ably a circumierential groove 46". Preferably during use of
the damper, periodically scheduled maintenance grease injec-
tions are mjected through grease inlet 530 into grease reservoir
groove 46".

It will be apparent to those skilled in the art that various
modifications and variations can be made to the present
invention without departing from the spirit and scope of the
invention. Thus, 1t 1s intended that the present invention cover
the modifications and vanations of this invention provided
they come within the scope of the appended claims and their
equivalents.

The invention claimed 1s:

1. An awrcraft landing gear assembly, said landing gear
assembly comprised of a nonelastomeric outer aircraft land-
ing gear vertical strut member having an inner axial center
bore with a frictional interface inner surface segment, a non-
clastomeric inner aircrait landing gear vertical strut member
having an outer bonding surface segment, said nonelasto-
meric inner aircraft landing gear vertical strut member rota-
tionally recerved 1n said outer aircraft landing gear vertical
strut member inner axial center bore with said nonelastomeric
inner aircraft landing gear vertical strut member rotatable
within said outer aircrait landing gear vertical strut member,
and an elastomeric surface effect damper member encom-
passing said nonelastomeric inner aircrait landing gear verti-
cal strut member outer bonding surface segment, said elasto-
meric surface effect damper member having an inner bonding
surface segment and an outer grooved elastomer surface, said
clastomeric surface eflect damper inner bonding surface seg-
ment bonded to said nonelastomeric mner aircrait landing
gear vertical strut member outer bonding surface segment,
and a surface effect lubricant, said surface etfect lubricant
disposed between said elastomeric surface effect damper
outer grooved elastomer surface and said nonelastomeric
outer aircrailt landing gear vertical strut member frictional
interface mner surtace segment with said elastomeric surface
elfect damper outer grooved elastomer surface engaging said
nonelastomeric outer aircrait landing gear vertical strut mem-
ber frictional interface inner surface segment and imnhibiting
an oscillating shimmy rotation of said nonelastomeric inner
aircraft landing gear vertical strut member.

2. An aircraft landing gear assembly as claimed 1n claim 1,
wherein said nonelastomeric inner aircrait landing gear ver-
tical strut member 1s grounded to a front nose wheel with said
front nose wheel and said nonelastomeric inner aircrait land-
ing gear vertical strut member rotationally actuated by a
steering input and said nonelastomeric outer aircraft landing
gear vertical strut member rotationally fixed to an aircraft
nose front.

3. An aircrait assembly, said assembly comprised of a
nonelastomeric outer member having an iner axial center
bore with a frictional interface inner surface segment, a non-
clastomeric 1nner member having an outer bonding surface
segment, said nonelastomeric mner member rotationally
received 1n said outer member 1nner axial center bore with
said nonelastomeric inner member rotatable within said outer
member, and an elastomeric shimmy damper member
encompassing said nonelastomeric inner member outer bond-
ing surface segment, said elastomeric shimmy damper mem-
ber including an elastomer having an mner bonding surface
segment and an outer elastomer surface, said elastomeric
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damper inner bonding surface segment bonded to said non-
clastomeric inner member outer bonding surface segment,
and a grease, said grease disposed between said elastomeric
damper outer elastomer surface and said nonelastomeric
outer member frictional mnterface inner surface segment with
said elastomeric surface effect damper outer elastomer sur-
face engaging said nonelastomeric outer member frictional
interface mner surface segment and nhibiting an oscillating
shimmy rotation of said nonelastomeric inner member.

4. An aircrait assembly as claimed 1n claim 3, wherein said
outer elastomer surface includes a plurality of grease dams.

5. An airrcraft landing gear assembly as claimed 1n claim 3,
wherein said elastomer surface includes a plurality of elas-
tomer surface grooves which terminate with raised elastomer
grease obstructions which radially extend outward and away
from the inner bonding surface.

6. An aircrait assembly as claimed 1n claim 3, wherein said
assembly includes a grease inlet for injecting grease after said
nonelastomeric inner member 1s received 1n said outer mem-
ber inner axial center bore.

7. An aircrait assembly as claimed 1n claim 3, wherein said
assembly 1ncludes at least one grease dam for retaining said
grease.

8. A method of making an assembly, said method compris-
ing: providing a nonelastomeric outer member having an
inner axial center bore with a frictional interface inner surface
segment, providing a nonelastomeric inner member rotation-
ally recervable 1n said outer member inner axial center bore
with said nonelastomeric inner member rotatable within said
outer member, said nonelastomeric inner member having an
outer bonding surface segment, bonding an elastomer having
an outer elastomer surface distal from said nonelastomeric
inner member outer bonding surface segment, recerving said
nonelastomeric inner member 1n said outer member inner
axial center bore with said nonelastomeric mner member
rotatable within said outer member with said elastomer sur-
face engaging said nonelastomeric outer member frictional
interface mner surface segment and inhibiting a shimmy rota-
tion of said nonelastomeric mner member relative to said
nonelastomeric outer member.

9. A method as claimed 1n claim 8, said method including
molding said elastomer onto said nonelastomeric inner mem-
ber outer bonding surface segment with said outer elastomer
surface.

10. A method as claimed 1n claim 8, said method including
providing a grease and a plurality of grease dams for control-
ling the flow of said grease along said outer elastomer surface.

11. A method as claimed 1n claim 8, said method including
providing a grease inlet and a grease, and 1njecting said grease
between said outer elastomer surface and said frictional inter-
face mner surface segment.

12. A method of making a shimmy damper, said method
comprising: providing a nonelastomeric outer tubular mem-
ber having an inner axial center bore with a tubular cylindrical
frictional interface inner surface segment, providing a non-
clastomeric inner member rotationally receivable in said
outer member 1nner axial center bore with said nonelasto-
meric inner member rotatable within said outer member, said
nonelastomeric inner member having an outer bonding cylin-
drical surface segment and an elastomer bonded to said non-
clastomeric inner member outer bonding cylindrical surface
segment, said elastomer having an outer elastomer surface
distal from said nonelastomeric mner member outer bonding
cylindrical surface segment, said outer elastomer surface
including a plurality of grooves and a plurality of grease
dams, recerving said nonelastomeric mner member 1n said
outer member 1mnner axial center bore with said nonelasto-
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meric mner member rotatable within said outer member with
said elastomer surface engaging said nonelastomeric outer
member frictional mterface inner surface segment and inhib-
iting an oscillating shimmy rotation of said nonelastomeric
inner member.

13. A method as claimed 1n claim 12, wherein said elas-
tomer 1s molded to said nonelastomeric inner member with
the outer elastomer surface having two mold tlats.

14. A method as claimed 1n claim 12, said method includ-
ing providing a grease inlet for 1injecting grease after said
nonelastomeric inner member 1s recerved 1n said outer mem-
ber inner axial center bore, and wherein said elastomer sur-
face includes a grease receiving groove, with said grease inlet
proximate said elastomer surface grease receiving groove.

15. A method as claimed 1n claim 12, wherein said outer
clastomer surface includes a grease dam.

16. A shimmy damper for damping a rotating oscillation,
said shimmy damper comprised of a nonelastomeric outer
tubular member having an inner axial center bore with a
tubular cylindrical frictional interface inner surface segment,
a nonelastomeric inner member having an outer bonding
surface segment, said nonelastomeric inner member rotation-
ally received 1n said outer member mnner axial center bore
with said nonelastomeric inner member rotatable within said
outer member, and an elastomer encompassing said nonelas-
tomeric inner member outer bonding surface segment, said
clastomer having an mnner bonding surface segment and an
outer elastomer surface, said elastomer inner bonding surface
segment bonded to said nonelastomeric inner member outer
bonding surface segment, and a grease, said grease disposed
between said outer elastomer surface and said nonelastomeric
outer member Irictional interface mner surface segment with
said outer elastomer surface engaging said nonelastomeric
outer member frictional interface mner surface segment and
inhibiting an oscillating shimmy rotation of said nonelasto-
meric inner member.

17. A method of making a damper, said method compris-
ing: providing a nonelastomeric outer tubular member having
an mner axial center bore with a tubular cylindrical frictional
interface inner surface segment, providing a nonelastomeric
inner member rotationally receivable 1n said outer member
inner axial center bore with said nonelastomeric inner mem-
ber rotatable within said outer member, said nonelastomeric
inner member having an outer bonding cylindrical surface
segment, bonding an elastomer damper member to said non-
clastomeric mner member outer bonding surface segment
with said elastomer damper member having an outer elas-
tomer surface distal from said nonelastomeric inner member
outer bonding surface segment, said outer elastomer surface
including at least one grease dam, receiving said nonelasto-
meric inner member 1n said outer member 1nner axial center
bore with said nonelastomeric inner member rotatable within
said outer member with said elastomer damper outer elas-
tomer surface engaging said nonelastomeric outer member
frictional interface imner surface segment, providing a grease,
disposing said grease between said elastomer damper outer
clastomer surface and said nonelastomeric outer member
frictional interface inner surface segment.

18. A damper for damping a motion, said damper com-
prised of a nonelastomeric outer tubular member having an
iner axial center bore with a tubular cylindrical frictional
interface mner contiguous smooth surface segment, a non-
clastomeric 1nner member having an outer bonding surface
segment, said nonelastomeric mner member recetved 1n said
outer member mner axial center bore with said nonelasto-
meric inner member within said outer member, and an elas-
tomer encompassing said nonelastomeric inner member outer
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bonding surface segment, said elastomer having an inner
bonding surface segment and an outer elastomer surface, said
clastomer inner bonding surface segment bonded to said non-
clastomeric inner member outer bonding surface segment and
said outer elastomer surface including a plurality of groove
segments with grease dams, and a grease, said grease dis-
posed 1n said groove segments and between said outer elas-
tomer surface and said nonelastomeric outer member ric-

tional interface inner surface segment with said outer
clastomer surface engaging said nonelastomeric outer mem-
ber frictional interface inner surface segment and inhibiting a
rotation of said nonelastomeric mmner member with said
grease dams 1nhibiting a migration of said grease.

19. A method of making a damper, said method compris-
ing: providing a nonelastomeric outer tubular member having
an inner axial center bore, providing a nonelastomeric iner
member rotationally recervable 1n said outer member mner
axial center bore with said nonelastomeric mnner member
rotatable within said outer member, bonding an elastomer
damper member to a nonelastomeric member bonding cylin-
drical surface segment with said elastomer damper member
having an elastomer surface distal from said nonelastomeric
member bonding surface segment, said elastomer surface
including at least one grease dam, recerving said nonelasto-
meric inner member 1n said outer member ner axial center
bore with said nonelastomeric inner member rotatable within
said outer member with said elastomer damper elastomer
surface engaging a nonelastomeric member frictional inter-
face surface segment, providing a grease, disposing said
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grease between said elastomer damper elastomer surface and
said nonelastomeric member frictional interface surface seg-
ment with said grease dam containing said grease, with said
clastomer damper elastomer surface engagement with said
nonelastomeric member frictional interface surface segment
inhibiting an oscillating rotation of said nonelastomeric inner
member relative to said nonelastomeric outer member.

20. A damper for damping a motion, said damper com-
prised of a nonelastomeric outer tubular member having an
inner axial center bore, a nonelastomeric inner member, said
nonelastomeric inner member rotationally received 1n said
outer member mner axial center bore with said nonelasto-
meric inner member rotatable within said outer member, a
nonelastomeric member bonding cylindrical surface segment
and a nonelastomeric member frictional interface surface seg-
ment, and an elastomer encompassing said nonelastomeric
iner member, said elastomer having a bonding surface seg-
ment and a elastomer surface, said elastomer bonding surface
segment bonded to said nonelastomeric member bonding
surface segment and said elastomer surface including a plu-
rality of groove segments with grease dams, and a grease, said
grease disposed in said groove segments and between said
clastomer surface and said nonelastomeric member frictional
interface surface segment with said elastomer surface engag-
ing said nonelastomeric member frictional interface surface
segment and inhibiting a rotation of said nonelastomeric
inner member relative to said outer member with said grease
dams 1nhibiting a migration of said grease.
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